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The molecular mechanism of nitrogenase-catalyzed reactions is a challenging 
research topic in multi-disciplinary areas. Although great progress in the relationship 
between structure and function of nitrogense have been achieved in the last two 
decades, certain critical problems, such as how N2 coordinated and activated in 
FeMoco, how proton and electron transfer in the proteins, and why hydrogen 
evolution is obligatory during the reduction of N2 catalyzed by nitrogenase, remain 
conversial to date. 
In the doctorate thesis, the author had proposed that two hydrogen-bond wires exist 
in nitrogense may function as proton-transfer pathways and these two pathways may 
serve as a gate to direct N2 to enter the core of FeMoco and be reduced. To testify this 
proposal, racemic homocitrate and per-homocitrate were synthesized as functional 
molecular probes and biocatalytic activity via in-vitro ligand substitution gave us 
some promising but not very certain results.  
In this report, we will present part of our works in the mechanistic studies in 
nitrogenase, i.e., synthesis of some special-designed molecular probes whose 



























  The key step of this synthetic route is the Evans aldol reactions between 
(S)-4-benzyl-3-acetyl-2-oxazolidinone 57 and methyl phenylglyoxylate with various 
substituent at the para-position. Potassium hexamethyldisilazide (KHMDS) was 
chosen as the enolate reagent of 57 instead of the commom-used but expensive 













moderate to good enantioselectivity. After removal of the chiral auxiliary with sodium 
methoxide and hydrolysis with sodium hydroxide, the various acids analogues to 
homocitric acid was obtained. 
  Unfortunately, the aldol reaction did not succeed for dimethyl 2-oxopentanedioate, 
diethyl 2-oxohexanedioate, and various substituted methyl pehnylpyruvate. This 
prompted us to turn to other synthetic methods in the following works. 
Undoubtly, the synthesized analogues of homocitric acid offer us specific chemical 
probes, which may greatly facilitate us in exploring the roles homocitrate performed 
and the molecular mechanism of nitrogenase-catalyzed reactions. 
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C、N or O, HCA = 高柠檬酸）[1]。 
Figure 1.1 Complex of the nitrogenase proteins stabilized by ADP·AlF4 (left) and 




























Figure 1.2 Postulated proton transfer pathways of nitrogenase 
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 3   
配体，它为N 分子进入FeMoco起开门作用；当N 分子进入
FeMoco以后，质子就不能通过Mo-His -HCA进行传递，此时质子转而从His
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等[3]以天然的左旋奎尼酸 2 为原料，首次合成了(S)-高柠檬酸内酯（Figure 2.1）。
该路线首先通过催化氧化和催化氢化两步反应将原料 2 转化为关键中间体(1S, 
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Figure 2.1  
1996 年，Rodriguez和Biellmann [4]首次报道了不对称合成(R)-及(S)-高柠檬酸
内酯的方法（Figure 2.2）。作者以便宜、易得的L-乳酸 7 和L-丝氨酸 8 为原料，
通过立体中心自身再生原理（SRS）得到关键的手性中间体化合物 9。随后通过
高立体选择性的Diels-Alder环加成、臭氧化-氧化、脱保护等反应， 终得到目
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Figure 2.2  
Reagents and conditions: (i) pivaldehyde, pentane, p-Toluenesulfonic acid (cat.); (ii) butadiene, 
toulene; (iii) (a) ozone, MeOH, -78C; (b) H2O2; (iv) (a) 80% HCO2H, reflux, 2h; (b) 
Me3SiCHN2; (c) 0.2 N NaOH, reflux, 6 h; then 1 N HCl 
1997 年，Ancliff等[5]报道了一条基于动力学拆分合成(R)-高柠檬酸内酯的路























































Reagents and conditions: i) 3 equiv. (CH2O)n/DMSO, 156 C; ii) POCl3/ PhNMe2/ CHCl3, rt; iii) 
MeOH, reflux; iv) -methylbenzylamine, MeOH; then 2N HCl; v) (a) (COCl)2, rt, 72h; (b) 
CH2N2, Et2O; vi) AgNO3, THF-H2O, rt, 36h; vii) 80% HCO2H, reflux 72h. 







































Reagents and conditions: i) 2 equiv. LiHMDS/THF, -78 C; then Allyl bromide; ii) (a) AcCl, 
reflux 1h; then MeOH, reflux 4h; (b) BH3·SMe2/CH2Cl2, 25 C, 4h; (c) PDC/DMF, 25 C, 16h; 
iii) (a) 50% trifluoroacetic acid, 95 C, 2h; (b) 3% NaOH, 1 equiv., 25 C, 2h. 
Xu等[7]对上述方法做了改进,采用碘代丙酸乙酯作为反应的亲电试剂，实现



























Reagents and conditions: i) pivaldehyde, H2SO4, p-TsOH (cat.), pentane, reflux; ii) (a) 2 equiv. 






2004 年，Paju等[8]以螺环化合物 25 为原料，经简短的步骤合成了(R)-高柠檬
酸内酯（Figure 2.6）。作者首先试图在碱性条件下将 25 水解开环得到化合物 26，
然后通过氧化反应得到高柠檬酸内酯（路径a）。但在实际反应中，25 开环得到
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